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FOREWORD

This volume has been prepared for the Functional Integration Section,
Systems Integration and Operations Branch, Vehicle Systems Division, Propul-
sion and Vehicle Engineering Laboratory, by Engineering Communications
Department, Chrysler Corporation Space Division, under contract number
NAS8-4016.

The following series, of which this volume is a part, functionally de-
scribes the mechanical and electromechanical systems of Saturn I, SA-7 space
vehicle and Launch Complex 37:

Volume I. RP-1 Fuel System

Volume II. LOX System

Volume III. LHp System

Volume IV, Nitrogen and Helium Storage Facility
Volume V. Pneumatic Distribution System

Volume VI, Environmental Control System

Volume VII. Launch Pad Accessories

Volume VIII. H-1 Engine and Hydraulic System

Volume IX. RL10A-3 Engine and Hydraulic System

Volume X. Separation and Flight Termination Systems
Volume XI, Supplement: Legend and Composite Schematic

Each volume (except Volume XI) contains mechanical schematics and a list of
applicable finding numbers.

Volume VIII describes those components that are active during countdown,
launch, and flight: it specifically excludes maintenance and checkout pro-
cedures. It is intended for use by NASA and prime contractor management and
administrative personnel, Only information available by December 5, 1963,
has been included.

iii
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1. ENGINE SYSTEM DESCRIPTION

Eight H-1 engines, using LOX and RP-1 as the propellant, power the S-1
stage of SA-7. The H-1 is a single start, fixed thrust engine that develops
a nominal sea-level thrust of 188,000 pounds. Four fuel and five LOX con-
tainers supply the propellant to the engines through suction lines.

The eight-engine cluster consists of four rigidly mounted inboard engines
and four gimbaling outboard engines. Each inboard engine attaches to the
thrust structure on a large fin position centerline 32 inches from the vehicle
longitudinal axis, canted 3 degrees outward from the vehicle longitudinal axis.
Each outboard engine, mounted on a 95-inch radius from the vehicle longitudi-
nal axis 45 degrees from a large fin position centerline, cants at a 6-degree
outward angle from the vehicle longitudinal axis. Each outboard engine gim=-
bals +8 degrees in a square pattern, maintaining the predetermined vehicle
trajectory.

The H-1 engines start in pairs 100 milliseconds apart; the inboard en-
gines start first, After approximately 150 seconds of flight, the four in-
board engines shut down simultaneously. Approximately six seconds later, the
four outboard engines shut down simultaneously.

The engine consists of a turbopump assembly, a liquid propellant gas gen-
erator, a solid propellant gas generator, a gas turbine, a thrust chamber, a
heat exchanger, valves, purge lines, vents, and drains. In addition, a hy-
draulic system gimbals each outboard engine. Figure 1 is a block diagram of
the system. The schematic on page 25 represents the engine and hydraulic
systems.

2. ENGINE SYSTEM OPERATION

2.1. Engine Purges

GN, purges, initiated during launch preparations, prevent contaminants
from entering the engine.

2,1.1. LOX Pump Seal Purge and Gearbox Pressurization. Both operations,
using GN2 supplied from a common source, commence with control system pres-
surization prior to propellant loading and continue throughout powered flight.
If launch is aborted, the purge is terminated when all LOX has boiled off the
turbopump. LOX pump seal purge and gearbox pressurization:

a. Inhibit LOX and lubricant leakage past the turbopump LOX and
lubricant seals by applying a positive pressure in the area
between these seals.



b. Force any LOX or lubricant that leaks past either seal into the
LOX seal drain line or into the lube seal drain line.

c. Improve the lubricant quality at high altitudes by inhibiting
turbopump-gearbox lubricant foaming.

GNy, supplied at 750 psig from Control Pressure Manifold B211 through
Manual Valve B214, flows through a ring manifold and into a branch line lead-
ing to each engine. Each branch line contains Orifice B305. Downstream from
the orifice, a tee divides the line into purge and pressurization lines that
lead to the gearbox of Turbopump Assembly B8. GN; flows into the LOX and lu-
brication seal area through the purge line, which contains Orifice B7. Pres-
surization GN2 flows into the gearbox through the line that contains Orifice
B3 and Check Valve B5. To maintain the desired gearbox pressure, Relief
Valve B13 in the lubrication drain manifold cracks at 10 psig.

2.1.2. LOX Dome Purge and Flush. The LOX dome purge has two phases,
trickle purge and high-flow-rate purge. The trickle purge provides a slight
positive GN, pressure in the LOX dome that prevents contaminants from being
drawn up through the engine thrust chamber nozzle. The trickle purge, ini-
tiated when the thrust chamber covers are removed, continues until just prior
to engine ignition, when the second phase starts. The high-flow-rate purge
continues during engine operation until it is overcome by main LOX supply line
pressure. In case of an abort or other conditions resulting in engine con-
tamination, the LOX dome flush through the LOX dome purge lines begins when
pressure decays in the LOX dome. Flushing (with trichloroethylene or oxylene
as solvent) is followed by the trickle purge.

Ground-supplied GNo flows through Coupling-Half B304 into a ring manifold
with separate branch lines that lead to each engine., The branch lines carry
GNy through Check Valve B45, into the LOX pump discharge line, and into the
LOX dome. Because the purge pressure is lower than the cracking pressure of
Check Valve B24, no GN9 flows to Heat Exchanger B30.

2.1.3. Gas Generator LOX Injector Manifold Purge. This purge removes
fuel vapor from the LOX injector manifold of the liquid propellant gas gener-
ator and prevents solid propellant gas generator combustion products from con-
taminating the manifold prior to LOX arrival. The purge starts just before
engine ignition and terminates when LOX pressure buildup closes Check Valve
B12., If a launch is aborted, this purge starts immediately after engine cut-
off and continues until spent Solid Propellant Gas Generator B20 is removed.

Ground source GNp at 300 psig, supplied through Coupling-Half B30l, flows
through a ring manifold into eight branch lines, through Check Valve B12 in
each line, into the LOX injector manifold, and out the turbine exhaust duct.

2.1.4. Thrust Chamber Fuel Injector Manifold Purge. This purge, ini-
tiated just before engine ignition, prevents LOX from entering the fuel in-
jector manifold during engine ignition. The purge is also part of the engine
decontamination procedures.
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GNy from a ground source flows through Coupling-Half B303, into a ring
manifold, and to branch lines that lead to the fuel injector manifold on each
engine., Two tees and an L-fitting divide the line into three radial lines,
each containing Check Valve B37. The GN, passes through the check valves,
into the injector manifold, and out the thrust chamber. During prelaunch op-
erations, the ground supply shutoff valve terminates the purge. During the
engine starting sequence, after the firing command, pressure builds up in the
fuel injector manifold and closes the check valves to end the purge.

2.2. Launch Preparations

During launch preparations, several steps must be taken to prepare the
H-1 engines for flight. After the vehicle has been erected on the launch
pedestal, all explosive devices are installed on the engine. These devices
include Solid Propellant Gas Generator B20, Initiator B1l, Conax Valve B2,
and Hypergol Container B36.

Coupling-Half B17 provides a means of £illing Fuel Additive Blender Unit
(FABU) B15 with Oronite 262, which, when blended with fuel in the FABU during
engine operation, lubricates the gearbox of Turbopump Assembly B8. Coupling-
Half B3l permits the fuel jacket of Thrust Chamber B28 to be filled with RP-1.

Thrust OK Pressure Switch B4l connects to a ground source for calibration.
2,3, Start

Engine start begins with the ignition command and continues until steady-
state engine operation has been accomplished. The start sequence begins with
ignition of the solid propellant gas generator that drives the turbopump assem-
bly, supplying propellant to the engine thrust chamber where hypergol initiates
ignition. Propellant, bled off the main engine supply and burned in the liquid
propellant gas generator, provides gas that supplements and finally replaces
the action of the solid propellant gas generator,

To avoid undue structural loading, the H-1 engines start in pairs at
100-millisecond intervals, on signals from the ignition sequencer: first,
engines 5 and 7 start, then engines 6 and 8, then 2 and 4, and finally 1 and
3. Thrust OK Pressure Switch B4l sends a signal to GSE for liftoff when the
fuel supply line pressure reaches 810 psia.

An electrical signal from the start sequencer in the LCC fires Initiators
Bll. The initiators ignite the propellant in Solid Propellant Gas Generator
B20, providing high pressure gas for approximately 200 milliseconds (until the
engine reaches steady-state operation). These gases are forced through part
of Liquid Propellant Gas Generator B22 to Gas Turbine B19, which accelerates
the LOX and fuel pumps through a gear train in Turbopump Assembly B8.

The turbopump draws fuel from the suction line and forces it through
Orifice B4 and the fuel discharge line to the inlet side of normally-closed
Main Fuel Valve B39, Fuel in the fuel discharge line enters a feeder line
that (for valve control, gearbox lubrication, engine ignition, and pump cavi-
tation prevention) branches into the following: '



a. A bleed line containing Orifice B48 and leading back to the
fuel suction line,

b. Closed Fuel Igniter Valve B46.
c. Closed Main LOX Valve B49 through Orifice Bl.
d. Conax Valve B2,

LOX from the pump volute passes into the LOX discharge line and to the
inlet side of normally-closed Main LOX Valve B49. A bleed line between the
LOX discharge line and the suction line allows some LOX recirculation, pre-
venting pump cavitation.

Turbopump Assembly B8 acceleration increases the pressure in the fuel
feeder line. This pressure is applied to Main LOX Valve B49 control through
Orifice Bl. Spring force in the main LOX valve is overcome when the feeder
line fuel pressure reaches approximately 230 psig. The valve begins to open,
allowing LOX to flow through the LOX discharge line, LOX dome, and LOX in-
jector nozzles into Thrust Chamber B28., 1In addition, LOX flows through the
LOX bootstrap line containing Orifice B2l to the closed Control Valve Assem-
bly B23.

When the main LOX valve has opened approximately 80 percent, a mechanical
linkage opens Fuel Igniter Valve B46, allowing fuel to flow to Hypergol Con-
tainer B36 and to the inlet port of normally-closed Ignition Monitor Valve
B38. Burst diaphragms in the hypergol container rupture when fuel pressure
reaches 300 psig, allowing hypergol, followed by fuel, to flow through the
fuel injection nozzles into Thrust Chamber B28. The hypergol and fuel ignite
on contact with the previously injected LOX, causing primary ignition.

Primary ignition causes pressure buildup within the thrust chamber, the
fuel injector manifold, and the control line from the manifold to Ignition
Monitor Valve B38 and Control Valve B23, When the fuel injector manifold pres-
sure reaches approximately 15 psig, the ignition monitor valve opens, allowing
fuel from Fuel Igniter Valve B46 to exert opening pressure on Main Fuel Valve
B39, When fuel pressure overcomes spring force, the main fuel valve opens and
fuel flows into the fuel manifold. From the manifold, fuel flows through the
thrust chamber fuel jacket, the fuel injector manifold, and into the thrust
chamber. Since LOX is already present and ignition has occurred, this fuel
will burn, increasing engine thrust.

As fuel flows through the fuel manifold, some fuel flows through Orifice
B32 to Gas Generator Control Valve Assembly B23. As thrust buildup continues,
combustion chamber pressure is exerted on the control of the gas generator
control valve. When this pressure reaches approximately 115 psig, the control
valve opens, allowing LOX and fuel to flow into Liquid Propellant Gas Generator
B22; they are there ignited by the hot gases of Solid Propellant Gas Generator
B20. Two redundant Auto-Igniters B42 provide a secondary ignition source in
the liquid propellant gas generator.




Gas Turbine B19 operates on combined high-pressure gases of Solid Pro-
pellant Gas Generator B20 and Liquid Propellant Gas Generator B22 for approxi-
mately 200 milliseconds (until the solid propellant has burned completely).
The liquid propellant gas generator drives the turbine for the remainder of
engine operation.

2.4, Steady-State Operation

This phase begins when all engine valves are open and the propellant is
burning at the desired rate. Thrust OK Pressure Switch B4l monitors engine
thrust by sensing pressure in the fuel line downstream from Main Fuel Valve
B39, initiating a signal to GSE before liftoff and a signal to cut off the
engine when thrust decays below a set value.

Fuel flows from Turbopump Assembly B8, through Main Fuel Valve B39, and
into the thrust chamber fuel manifold that distributes the fuel to the fuel
jacket down-tubes extending the entire length of the engine. The fuel flows
through these tubes to a collector ring, through the fuel jacket up-tubes, the
fuel injector, and into the combustion chamber. This routing cools the thrust
chamber walls and increases engine efficiency by heating fuel,

During steady-state operation, LOX is supplied from a branch line down-
stream from Main LOX Valve B49, through three Orifices B29, to Heat Exchanger
B30. This LOX is evaporated and used for LOX container pressurization (de-
scribed in Volume II).

Fuel for turbopump assembly gearbox lubrication flows from the fuel
feeder line through Conax Valve B2 to FABU Bl5, where it mixes with Oronite.
The fuel-oronite mixture flows through a lubrication line containing Filter
B14 into the gearbox located in Turbopump Assembly B8, where it cools and lu-
bricates the various components. The fuel-oronite mixture circulates through
the gearbox and discharges overboard through the lubrication drain line that
contains Relief Valve B1l3., The relief valve maintains continuous gearbox
pressurization, preventing excessive discharge rates at high altitudes.

2.5. Shutdown

Normal engine cutoff is initiated by a signal (described in Volume X)
from the guidance computer in the instrument unit. This signal detonates two
explosive charges within Conax Valve B2, The explosive force moves a piston
that shears a metal diaphragm in the valve body, allowing pressurized fuel to
flow to the closing control of Main LOX Valve B49, This pressure counteracts
the existing fuel pressure on the opening control of the valve, allowing the
internal valve spring to close the valve and thus stop LOX flow to the thrust
chamber and liquid propellant gas generator.

When the main LOX valve has closed approximately 20 percent, a mechanical
linkage closes Fuel Igniter Valve B46. The pressure that was holding Main
Fuel Valve B39 open is then removed, allowing the main fuel valve to close.
The flow of fuel to the thrust chamber and the gas generator terminates; how-
ever, because fuel shutoff lags LOX shutoff, a fuel-rich cutoff occurs. This



type of cutoff prevents an explosive shutdown in both the thrust chamber and
the liquid propellant gas generator,

2.6, Drain

Drain and vent lines on each engine carry away leakage of combustible
liquids or gases from individual components.

Three drain lines--a lube, a LOX seal, and a lube seal line--lead from
the gearbox of Turbopump Assembly B8. 1In addition, two lines drain LOX from
Main LOX Valve B49; three lines drain fuel from Main Fuel Valve B39; and
single lines drain Fuel Igniter Valve B46, Ignition Monitor Valve B38, and
Gas Generator Control Valve B23.

The entire engine may be drained of fuel and LOX, when necessary, through
Fuel Drain Coupling B18, LOX Volute Drain Cap Assembly B9, Fuel Volute Drain
Cap Assembly B10, Fuel Jacket Drain Screws B26, and Fuel Drain Plug B43.

3. HYDRAULIC SYSTEM DESCRIPTION

A hydraulic gimbal control system, part of each outboard engine, provides
vehicle guidance. Each independent, closed-loop system consists basically of
two hydraulic actuators, a main pump, an auxiliary pump and motor, and an
accumulator-reservoir assembly,

4., HYDRAULIC SYSTEM OPERATION

4.1. Fill

Accumulator-Reservoir and Manifold Assembly B86 is charged with GNp from
a ground source through High Pressure Charging Valve B88 before filling the
system with hydraulic fluid. Hydraulic fluid, supplied from a ground source
through Coupling-Half B84, is forced through Filter B85, into the accumulator-
reservoir, and through the system. Excess hydraulic fluid used in the purging
operation returns to the ground source through Coupling-Half B90.

4.2, Prelaunch

Auxiliary Pump B80, driven by electric Motor B8l, supplies the necessary
hydraulic pressure for engine gimbaling during prelaunch operations. Check
Valve B79 protects Main Pump B75 from high pressure fluid during auxiliary
pump operation; Check Valve B82 protects the auxiliary pump from high pres-
sure fluid during main pump operation. After all engines have reached steady-
state operation, auxiliary pump operation terminates.

Accumulator-Reservoir and Manifold Assembly B86 includes various moni-
toring devices. Differential Pressure Indicator B78 senses the pressure drop




across Filter B85. 1If the pressure drop exceeds a predetermined amount, a

red button in the indicator extends, providing a visual indication of a clogged
filter. Thermal Switch B96 protects electric Motor B81 from overheating by
cutting off power to the motor if its temperature rises above a safe level.

The following devices operate both on the ground and throughout powered
flight: Thermal Switch B93 transmits a signal if the fluid temperature in-
creases above a predetermined value; Pressure Transducer B92 monitors pressure
in the accumulator (high pressure side); and Potentiometer B87 monitors fluid
level in the reservoir (low pressure side).

4.3. Flight

Main Pump B75, mounted on an accessory drive pad and driven by the engine
turbopump, draws fluid from the low pressure (return) side of Accumulator-
Reservoir and Manifold Assembly B86. As turbopump speed increases, fluid
pressure increases to approximately 3200 psi, causing hydraulic fluid to flow
through Check Valve B79 and Filter B85 into the high pressure side of the
accumulator-reservoir, The fluid flows under pressure from the accumulator-
reservoir into Servoactuator Assemblies B94 and B95. When the servovalve in
each actuator receives a command from the guidance system, it diverts high
pressure fluid against one or the other side of the actuator piston, causing
extension or retraction of the actuator arms and thus gimbaling the engines.
In this way the guidance system controls engine thrust direction. Displaced
fluid from the actuators is returned to the low pressure side of the accumu-
lator-reservoir.

Two relief valves protect the system against excessive pressures: High-
Pressure Relief Valve B89 protects the accumulator and the high pressure side
of the system by venting fluid into the reservoir and low pressure side of the
system; Low-Pressure Relief Valve B91 protects the reservoir and low pressure
side of the system by venting fluid to atmosphere.

4.4. Drain

The system is drained through Low-Pressure Coupling-Half B90. Drain
plugs are provided in Servoactuator Assemblies B94 and B95. The element of
Filter B85 can be removed for cleaning. Nitrogen pressure in the accumulator-
reservoir assembly can be released through High-Pressure Charging Valve B88.
Main Pump B75 and Auxiliary Pump B8O are provided with Seepage Plug Assemblies
B76. Case Drain Filter B97 removes contaminants generated by the auxiliary
pump before the fluid is returned to the reservoir.
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